Background: Subtle, but clinically detectable, neurological abnormalities (SNAs) are associated with impaired physical performance in elderly persons without overt neurological diseases. We investigated whether SNAs were prospectively associated with cognitive and functional status, death, and cerebrovascular events (CVEs) in older community-dwelling individuals.
eral covariates, but did not increase with falls and urinary incontinence. The N SNA prospectively predicted worsening cognitive status and disability, adjusting for demographics and for baseline comorbidity and cognitive and physical performance. The mortality rates were 22.6, 23.3, 23.9, 58.6, and 91.9 per 1000 person-years in participants with an N SNA of 0, 1, 2, 3, and 4 or higher, respectively. Compared with an N SNA of less than 3, having an N SNA of 3 or higher was associated with an increased adjusted risk of death (hazard ratio, 1.77; 95% confidence interval [CI], 1.25-2.74) and of CVE (hazard ratio, 1.94; 95% CI, 1.07-3.54) over 8 years.
Conclusion:
In this sample of older communitydwelling persons without overt neurological diseases, multiple SNAs were associated with cognitive and functional decline and independently predicted mortality and CVEs. Med. 2008; 168(12) : [1270] [1271] [1272] [1273] [1274] [1275] [1276] 
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healthy, older communitydwelling persons have shown that subclinical diseases of different organs are associated with poor physical performance 1,2 and frailty. 3 In the Cardiovascular Health Study (CHS), 4 a lower extent of subclinical cardiovascular disease predicted successful aging, defined as the years lived without physical and cognitive impairment, overt cardiovascular disease, cancer, and chronic obstructive pulmonary disease.
In further CHS analyses, the severity of neurological disease at neuroimaging predicted accelerated functional decline and onset of physical dependency. 5 Also subtle, but clinically detectable, neurological abnormalities (SNAs) seemed to be associated with poor physical performance and falls in a cross-sectional investigation of 818 older community-dwelling persons without major neurological diseases. 6 However, to our knowledge, no study has ever investigated whether SNAs independently predict poor health outcomes in older persons.
We evaluated whether SNAs are associated, both cross-sectionally and longitudinally, with reduced cognitive and functional status and falls in older persons free of overt neurological diseases. We also tested the association between SNAs and urinary incontinence, which may be an early manifestation of subclinical neurological disease. 7 Finally, we verified whether SNAs in-dependently predict mortality and incident cerebrovascular events (CVEs) over an extended follow-up.
METHODS
STUDY PROTOCOL AND SAMPLE SELECTION
The "Insufficienza Cardiaca negli Anziani Residenti a Dicomano" (ICARe Dicomano) study enrolled all the older (Ն65 years) community-dwelling individuals living in Dicomano, a small rural town near Florence, Italy. The methods of the study, which followed the principles of the Declaration of Helsinki, have been detailed elsewhere. 8 Participants gave informed consent. Adherence rates ranged from 91.2% to 80.7% in different phases of the study. Participants and nonparticipants had similar sex and age distribution, although slightly fewer men (77.4%) than women (83.1%) underwent the final clinical assessment. 8 From the 1995 baseline study sample, we excluded participants with previous stroke, parkinsonism, dementia, or cognitive impairment. Participants were reinterviewed in 1999. Vital status and hospitalizations were followed up until December 2003.
DATA COLLECTION
Diagnosis of Overt Neurological Disease
Neurological diseases were identified with standardized algorithms based on previous diagnoses, medical records, structured medical interviews, and clinical examinations. 8 The diagnosis of stroke was adjudicated when a previous diagnosis or positive questionnaire items (deficit in strength in an upper and/or lower extremity, speech, or visual field) were confirmed by hospital discharge records, neuroimaging, or clinical examination. The diagnosis of Parkinson disease or parkinsonism was based on clinical examination or a previous physician's diagnosis in current specific drug treatment. Participants who scored 26 or less on the Mini-Mental State Examination (MMSE) 9 received an extensive neuropsychological evaluation by an expert geriatrician, who adjudicated the final diagnosis of dementia. Conservatively, in the present study we also excluded participants with cognitive impairment (MMSE score Ͻ24) who refused or missed the complete neuropsychological evaluation necessary to diagnose dementia.
Neurological Clinical Evaluation
The neurological assessment, conducted by expert geriatricians and summarized in Table 1 , required up to 15 minutes and included a traditional neurological examination plus 2 simple tests (ie, dynamometry and the Purdue Pegboard Test). 8 Handgrip and hip flexion strength were assessed on both the right and left sides with handheld dynamometers, according to a standard protocol. 10 Consistent with published criteria for lower extremity strength testing, 10 clinically relevant asymmetry for handgrip strength was defined as a difference of more than 20% between the 2 sides. In the Purdue Pegboard Test, participants are timed while putting 10 small sticks into an equal number of holes in a tablet. Originally introduced to evaluate manual dexterity, 11 this test also explores frontal lobe cognitive function because it requires integrity of attention, sequencing, planning, and motor coordination. We used the score obtained with the dominant hand. Failure to complete the task, or a time to complete above the 90th percentile of the study sample, indicated an altered performance. The reliability of the neurological examination had been previously evaluated in a small sample of older outpatients with characteristics similar to participants in the present survey. For the standard neurological examination, interrater agreement in the distinction between normal vs abnormal findings was very high ( Ͼ 0.95). Other items, based on continuous measures (eg, muscle strength) initially reported greater variability, which, after training and standardization, was contained to an interrater difference of 10% to 15%.
To obtain a final score of neurological damage, we calculated, for each participant, the number of SNAs (N SNA ) detected with the neurological examination (defined as "subtle" because they neither related to definite neurological diseases nor were reported by the participants).
Covariates
Functional Status. Functional status was measured as selfreported disability in the activities of daily living (ADLs) and, objectively, using the Short Physical Performance Battery (SPPB) for lower extremities 12 and the 6-minute walking test (6MWT). 13 According to a modified version of the World Health Organization questionnaire, 8, 14 severity of disability was expressed as the number of basic and instrumental ADLs (BADLs and IADLs, respectively) in which the participant was dependent. The BADLs included 6 tasks: walking in the house, washing (hands and face), dressing oneself, toileting, transferring from bed to chair, and eating. The IADLs included 9 tasks: walking outside, walking 400 m without rest, climbing stairs, shopping, bathing or showering, cooking, housekeeping (both light and heavy tasks), and trimming nails.
The modified version of the SPPB used in this study 15 included 3 subtests, for balance (standing in 5 tasks of increasing difficulty), walking (4-m gait speed), and muscle strength (time to stand up 5 times from a chair). In the ICARe Dicomano study population, the SPPB summary score (range, 0-12, where 0 is worst performance and 12 is the best) predicted disability and death. 16 Sustainable walking capacity was assessed with the 6MWT, 13 which measures the distance walked in 6 minutes at the preferred velocity and represents a valid and reliable indicator of physical performance in elderly persons. 17, 18 Falls and Urinary Incontinence. Specific questionnaires were used to evaluate the number of falls in the preceding 12 months (0, 1-2, and Ն3 falls) and urge urinary incontinence (never, rare, or persistent). ; depressive symptoms, with the Geriatric Depression Scale.
19
Comorbidity. Comorbidity was measured with the Index of Coexistent Diseases, calculated as the sum of individual severity scores assigned to 14 chronic conditions, which were identified with structured diagnostic algorithms. 16, 20 Follow-up. In 1999, cognitive status, ADL disability, and falls were assessed using the same instruments as in 1995. Vital status and hospital admissions for CVE through 2003 were ascertained using administrative databases of the Tuscany region of Italy.
STATISTICAL ANALYSIS
Continuous variables are expressed as mean (SEM), and t tests were used to examine differences in MMSE and SPPB between participants with and those without each SNA. Differences in baseline characteristics across increasing N SNA were assessed with the 2 test for trend for categorical variables and with analysis of variance (ANOVA) (or analysis of covariance [ANCOVA], to adjust for age and sex) for continuous variables. Multivariable logistic regression was used to evaluate the association between N SNA , taken as the independent variable in a crosssectional design, and the prevalence of falls (0 vs Ն1) and urinary incontinence (never vs rare or persistent), adjusting for age and sex.
The ANOVA (or ANCOVA, when continuous variables were entered as covariates) was used to model the longitudinal associations between N SNA and declines in functional status (difference in the number of limitations in BADL and IADL from 1995 to 1999), cognitive status (change in MMSE from 1995 to 1999), and falls in the 12 months preceding the follow-up evaluation. Age, sex, comorbidity, SPPB, MMSE, and disability were entered in the models as covariates. Polynomial contrasts were applied to test for linear trends between contiguous categories of the N SNA (0, 1, 2, 3, and Ն4).
Cox proportional hazards regression models were used to evaluate N SNA as a predictor of death and hospitalization for CVE, adjusting for age, sex, comorbidity, SPPB, MMSE, BADL, IADL, and, limited to the outcome of CVE, for previous transient ischemic attacks. Because mortality rates seemed to sharply increase for N SNA values of 3 or higher, this was used as a cutoff point in survival analyses. Age and sex were forced in the model, whereas N SNA (Ն3 vs Ͻ3) and the other baseline variables were entered at the first step and backward deleted thereafter (P=.05). Additional Cox models were constructed to examine the effect of adding N SNA to age, sex, comorbidity, and functional and cognitive status in the prediction of either death or CVE. For each outcome, the statistical significance of the difference between the −2 log likelihood of 2 models, 1 without and the other with N SNA , was tested against a 2 4 distribution (P Ͻ .05) to determine the improvement of the models after the inclusion of N SNA .
A 2-tailed P Ͻ.05 was considered statistically significant. Analyses were performed using SPSS statistical software (version 12.0; SPSS Inc, Chicago, Illinois).
RESULTS
BASELINE EVALUATION
Of 864 eligible participants, 697 underwent baseline clinical evaluation. 7 Exclusion of 118 participants with history of stroke, parkinsonism, dementia, or cognitive impairment, and of another 73 with incomplete data led to a final sample of 506 participants (mean [SD] age, 72.5 [0.3] years; 57% were women). Participants excluded owing to incomplete data were older (77.5[0.9] years; P Ͻ.001) than those included but did not differ in sex, BADL disability, severity of comorbidity, or level of physical performance (data not shown).
Of the 15 neurological signs considered, 5 were associated only with the SPPB, 1 only with the MMSE, and 5 with both tests (Table 1 ). The 2 most prevalent SNAs were reduced Achilles reflexes and postural instability. The greatest observed N SNA was 8 (mean [SD], 1.1[0.06]), in a possible range of 0 to 19 (considering that 4 signs could be bilateral). The number of participants with an N SNA of 0, 1, 2, 3, and 4 or more was 208, 131, 96, 38, and 33, respectively. The mean age increased across N SNA levels, whereas the proportion of women was similar ( Table 2) . Comorbidity increased with higher N SNA in unadjusted comparisons (P Ͻ.001; data not shown), although after adjusting for age and sex the linear trend was no longer significant (P = .08) ( Table 2 ). After controlling for age and sex, an increasing N SNA was associated with a greater severity of IADL disability, more depressive symptoms, and worse cognitive and functional status ( Table 2) .
In bivariate comparisons, increasing N SNA was also associated with more falls in the previous year ( 2 =4.46; P value for trend = .04) and with more frequent urge urinary incontinence ( 2 = 5.88; P value for trend =.02). After adjusting for age and sex, these associations were no longer statistically significant (P value for trend=.12 for falls; P value for trend = .47 for urinary incontinence).
LONGITUDINAL ANALYSIS
In 1999, 420 of the original 506 participants were reinterviewed. Increasing N SNA predicted 4-year functional and cognitive decline, expressed as the number of BADLs and IADLs lost, and the reduction in MMSE score between baseline and follow-up, respectively. The analyses were adjusted for age, sex, and baseline comorbidity, SPPB, MMSE, and BADL and IADL (Figure 1) . In bivariate analysis, N SNA predicted the number of falls in the 12 months preceding the 1999 evaluation (P=.03). This result was no longer significant after adjustment for demographics and comorbidity (P = .13).
From 1995 through 2003, 113 participants died and 62 were hospitalized for CVE. The mortality rates were 22.6, 23.3, 23.9, 58.6, and 91.9 per 1000 person-years in participants with an N SNA of 0, 1, 2, 3, and 4 or greater, respectively. Compared with a value of less than 3, having an N SNA of 3 or greater was associated with a 2-fold greater risk of death (hazard ratio [HR], 1.77; 95% confidence interval [CI], 1.25-2.74, adjusted for age, sex, baseline comorbidity, SPPB, MMSE, and BADL and IADL) and CVE (HR, 1.94; 95% CI, 1.07-3.54, adjusted also for history of transient ischemic attacks) (Figure 2) . When added to age, sex, comorbidity, cognitive and physical functions, and functional status in Cox models, N SNA improved the prediction of mortality (P =.006 for the likelihood ratio test), whereas the improvement of the model predicting CVE did not reach statistical significance (P =.08 for the likelihood ratio test).
COMMENT
In our sample of older community-dwelling persons free of overt neurological diseases, a standardized examination disclosed at least 1 SNA in more than half of the participants, with a prevalence increasing with age. A strong and independent association was demonstrated crosssectionally among the N SNA and IADL disability, worse cognitive and physical performances, and more depressive symptoms. In longitudinal analyses, the N SNA predicted functional and cognitive decline over 4 years and mortality and CVE over 8 years. Despite some differences in the neurological examination, our baseline results reinforce those obtained in a similar population-based, cross-sectional study of older persons. 6 In both investigations, a mean number of approximately 1.1 SNAs was detected, with similar associations among the N SNA and physical performance and falls. Compared with the previous report, the present analysis has a more accurate control for covariates. Moreover, the longitudinal design provides support to the hypothesis of a causal relationship among the N SNA and functional and cognitive decline, death, and CVE. To our knowledge, this is the first study showing this association prospectively in a relatively large sample of unselected elderly persons. A previous report 21 was limited in terms of number of participants (only 59), setting (clinical selection), and signs tested (tendon reflexes and vibration sense).
Performance-based tests for cognitive and physical functions and depressive symptoms are relevant clinical markers of cardiorespiratory, skeletal, muscular, and nervous functions and predict subsequent disability, CVE, and mortality in apparently healthy older adults. 12, [22] [23] [24] [25] In the present study, SNA predicted cognitive and functional decline, CVE, and mortality independent of all these other measures of cognitive function, physical performance, and mood. Thus, a simple neurological examination seems to be an additional prognosticator of hard outcomes, particularly death, above and beyond other measures used in clinical practice. It is likely that the neurological examination might capture additional information about the integrity of the nervous system in apparently healthy older adults.
A previous study 26 documented the relationship between specific SNA and diffuse brain white matter lesions using computed tomographic scans in older adults without dementia. Similarly, in CHS participants without a history of stroke, the number of neurological findings was independently associated with silent infarctions at brain magnetic resonance imaging. 27 In turn, neuroimaging evidence of subclinical brain disease is associated with cognitive decline, executive dysfunction, depression, gait disorders, falls, urinary incontinence, 7 poor physical performance, 5, 28 and incident ADL dependency. 29 Subclinical brain disease also predicts CVE 30 and mortality 31 in elderly individuals. Thus, we speculate that our findings reflect the presence of diffuse white matter lesions or brain infarcts. However, although most of the neurological signs included in the N SNA could be an expression of damage in the central nervous system, some of them may be caused by peripheral neuropathy, a condition that can indeed contribute to physical performance decline in elderly persons. 32 Our results suggest a nonlinear relationship between N SNA and the long-term hard outcomes of death and CVE, the risk of which dramatically increased in the presence of 3 or more SNAs. The absence of a dosageresponse relationship does not exclude per se causation. Rather, a given level of neurological damage, up to a critical threshold, might be required before overt consequences become apparent. This threshold effect might reflect, for example, diffuse or confluent white matter hyperintensities rather than isolated lesions. Alternatively, it is possible that the associations we found were driven only by a limited number of specific neurological abnormalities, which more likely occurred when more SNAs were detected. Given the limited sample size, we could not discriminate between these alternatives; further studies are needed to confirm these findings and to highlight their pathogenesis and consequences.
Additional study limitations must be considered. First, our clinical summary score of neurological damage is probably less sensitive and specific than neuroimaging, and, therefore, it is of limited value in etiologic studies. Nevertheless, because of its low cost and ease of use, it might prove useful in clinical practice and in epidemiologic studies. Second, we were unable to prospectively investigate the association between SNAs and changes in physical performance because the SPPB and the 6MWT were not reassessed during the follow-up.
With these limitations in mind, our findings indicate that SNAs are frequent and must be systematically investigated in elderly persons. Subtle neurological abnormalities can be used to reveal otherwise undetected brain damage with relevant functional correlates and a clear prognostic value on survival and the development of CVE. Moreover, should the hypothesized association with cerebrovascular disease be demonstrated in future studies, the detection of multiple SNAs might prompt further cardiovascular investigation and eventually lead to a more intensive management of cardiovascular risk factors.
Our data support the hypothesis that SNAs in elderly individuals are a manifestation of early brain damage, a finding that may have important implications in research studies on the prevention of age-related cognitive and functional decline. Understanding the nature of dysfunctions underlying the decline in physical performance and disability contributes to planning specific preventive interventions. If our findings are confirmed by future research, N SNA might be also considered as a surrogate outcome for such intervention studies.
